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Low energy reactions K−p → Σ0π0, Λπ0, ¯K0n and the strangeness S = −1 hyperons
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A combined study of the reactions K−p → Σ0π0, Λπ0 and ¯K0n at low energies is carried out with a chiral
quark-model approach. Good descriptions of the experimental observations are obtained. The roles of the low-
lying strangeness S = −1 hyperon resonances in these processes are carefully analyzed. We find that: (i) In
the K−p → Σ0π0 process, both Λ(1405)S 01 and Λ(1520)D03 play dominant roles. Significant contributions of
Λ(1670)S 01 andΛ(1690)D03 could be seen around their threshold; (ii) In the K−p → Λπ0 process, some obvious
evidence of Σ(1775)D15 and Σ(1750)S 11 could be found. Some hints of Σ(1620)S 11 might exist in the reaction
as well. Σ(1750)S 11 and Σ(1620)S 11 should correspond to the representations [70,4 8]S 11 and [70,2 8]S 11, re-
spectively; (iii) In the K−p → ¯K0n process, the dominant resonances are Λ(1405) and Λ(1520). Some evidence
of Λ(1690)D03, Σ(1670)D13 and Σ(1775)D15 could be seen as well. A weak coupling of Λ(1670)S 01 to ¯KN
should be needed in the reactions K−p → Σ0π0 and ¯K0n. Furthermore, by analyzing these reactions, we also
find that the u-, t-channel backgrounds and s-channel Born term play crucial roles in the reactions: (i) The angle
distributions of K−p → Σ0π0 are very sensitive to the u-, t-channel backgrounds and s channel Λ pole; (ii) The
reaction K−p → Λπ0 is dominated by the u-, t-channel backgrounds and the ground P-wave state Σ(1385)P13;
(iii) While, the reaction K−p → ¯K0n is governed by the t-channel background, and Σ(1385)P13 also plays an
important role in this reaction.
PACS numbers: 12.39.Fe, 12.39.Jh,13.75.Jz,14.20.Jn
I. INTRODUCTION
There exist many puzzles in the spectroscopies of Λ and Σ
hyperons. To clearly see the status of these hyperon spectro-
scopies, we have collected all the strangeness S = −1 hy-
perons classified in the quark model up to n = 2 shell in
Tab. I. From the table, it is seen that only a few low-lying
S = −1 hyperons are established, while for most of them
there is still no confirmed evidence found in experiments.
Concretely, for the Σ spectroscopy although a lot of states,
such as Σ(1480)Bumps, Σ(1560)Bumps, Σ(1670)Bumps and
Σ(1690)Bumps, have been listed by the Particle Data Group
(PDG) [1], they are not established at all. Their quantum
numbers and structures are still unknown. Even for the well-
established states with known quantum numbers, such as
Σ(1750)1/2−, it is questionable in the classification of them
according to various quark models [2–5, 18]. For the Λ spec-
troscopy, a little more knowledge is known compared with
that of Σ, however, the properties of some Λ resonances with
confirmed quantum numbers are still controversial. For ex-
ample, it is still undetermined whether these states, such as
Λ(1405),Λ(1670) and Λ(1520), are excited three quark states
or dynamically generated resonances, though their JP are
well-determined [3]. How to clarify these issues and extract
information of the unestablished hyperon resonances from ex-
perimental data are still open questions.
To uncover the puzzles in the S = −1 hyperon spectro-
scopies, many theoretical and experimental efforts have been
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performed. Theoretically, (i) the mass spectroscopes were
predicted in various quark models [4–13], large Nc QCD ap-
proach [12, 13] and lattice QCD etc [14, 15]; (ii) the strong
decays were studied within different models [4, 16–19]; (iii)
the properties of the individual resonances, such as Λ(1405),
Λ(1670) and Λ(1520), were attempted to extract from the
K−p scattering data with UχPT approaches [20–33], BχPT
approaches [34], K-matrix methods [35, 36], large-Nc QCD
method [37], meson-exchange models [38–40], quark model
approaches [41, 42], dispersion relations [43, 44], and the
other hadronic models [45–48]; (iv) furthermore, the possi-
ble exotic properties of some strange baryons, such as two
mesons-one baryon bound states, quark mass dependence,
five-quark components, were also discussed in the literature
[49–51]. Experimentally, the information of the hyperon res-
onances was mainly obtained from the measurements of the
reactions ¯KN → ¯KN, Σπ, Λπ, ηn, Σππ and Λππ [52–71]. In
recent years, some other new experiments, such as excited hy-
peron productions from γN and NN collisions, had been car-
ried out at LEPS, JLAB and COSY to investigate the hyperon
properties further [72–75].
Recently, some higher precision data of the reactions
K−p → Σ0π0 [76, 77], Λπ0 and ¯K0n [77] at eight momen-
tum beams between 514 and 750 MeV/c were reported, which
provides us a good opportunity to study these low-lying Λ
and Σ resonances systemically. In this work, we carry out a
combined study of these reactions in a chiral quark model,
where an effective chiral Lagrangian is introduced to account
for the quark-meson coupling. Since the quark-meson cou-
pling is invariant under the chiral transformation, some of the
low-energy properties of QCD are retained. The chiral quark
model has been well developed and widely applied to meson
photoproduction reactions [78–88]. Its recent extension to de-
2TABLE I: The classification of the strangeness S = −1 hyperons
in the quark model up to n = 2 shell. The “?” denotes a resonance
being unestablished. lI,2J is the PDG notation of baryons. N6 and
N3 denote the SU(6) and SU(3) representation, respectively. L and
S stand for the total orbital momentum and spin of the baryon wave
function, respectively.
[N6,2S+1 N3, n,L] lI,2J lI,2J
[56,2 8, 0, 0] P01(1116) P11(1193)
[56,4 10, 0, 0] ... P13(1385)
[70,2 1 , 1, 1] S 01(1405) ...
D03(1520) ...
[70,2 10 , 1, 1] ... S 11(?)
... D13(?)
[70,2 8 , 1, 1] S 01(1670) S 11(?)
D03(1690) D13(1670)
[70,4 8 , 1, 1] S 01(1800) S 11(?)
D03(?) D13(?)
D05(1830) D15(1775)
[56,2 8, 2, 0] P01(1600) P11(1660)
[56,2 8, 2, 2] P03(?) P13(?)
F05(?) F15(?)
[56,4 10, 2, 0] ... P13(?)
[56,4 10, 2, 2] ... P11(?)
... P13(?)
... F15(?)
... F17(?)
[70,2 1 , 2, 0] P01(1810?) ...
[70,2 1 , 2, 2] P03(?) ...
F05(?) ...
[70,2 10 , 2, 0] ... P11(?)
[70,2 10 , 2, 2] ... P13(?)
... F15(?)
[70,2 8 , 2, 0] P01(?) P11(?)
[70,2 8 , 2, 2] P03(?) P13(?)
F05(?) F15(?)
[70,4 8 , 2, 0] P03(?) P13(?)
[70,4 8 , 2, 2] P01(?) P11(?)
P03(?) P13(?)
F05(?) F15(?)
F07(?) F17(?)
scribe the process of πN [89] and ¯KN [42] scattering, and
the charmed hadron strong decays [90–92] also turns out to
be successful and inspiring.
This work is organized as follows. In Sec. II, the formulism
of the model is reviewed. Then, the partial wave amplitudes
are separated in Sec. III. The numerical results are presented
and discussed in Sec. IV. Finally, a summary is given in Sec.
V.
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FIG. 1: s, u and t channels are considered in this work. M3s and M3u
(M2s , M2u) correspond to the amplitudes of s and u channels for the
incoming and outgoing mesons absorbed and emitted by the same
quark (different quarks), respectively.
II. FRAMEWORK
The tree diagrams calculated in the chiral quark model have
been shown in Fig. 1. The reaction amplitude can be ex-
pressed as the sum of the s-, u-, t-channel transition ampli-
tudes:
M =Ms +Mu +Mt . (1)
The s- and u-channel transition amplitudes as shown in Fig. 1
are given by
Ms =
∑
j
〈N f |H fm|N j〉〈N j|
1
Ei + ωi − E j H
i
m|Ni〉, (2)
Mu =
∑
j
〈N f |Him
1
Ei − ω f − E j |N j〉〈N j|H
f
m|Ni〉, (3)
where Him and H
f
m stand for the incoming and outgoing
meson-quark couplings, which might be described by the ef-
fective chiral Lagrangian [86, 87]
Hm =
1
fm
¯ψ jγ
j
µγ
j
5ψ j~τ · ∂µ~φm, (4)
where ψ j represents the j-th quark field in a hadron, and fm
is the meson’s decay constant. The pseudoscalar-meson octet,
φm, is written as
φm =

1√
2
π0 + 1√
6
η π+ K+
π− − 1√
2
π0 + 1√
6
η K0
K− ¯K0 −
√
2
3η
 . (5)
In Eqs. (2) and (3), ωi and ω f are the energies of the incoming
and outgoing mesons, respectively. |Ni〉, |N j〉 and |N f 〉 stand
3for the initial, intermediate and final states, respectively, and
their corresponding energies are Ei, E j and E f , which are the
eigenvalues of the nonrelativistic Hamiltonian of constituent
quark model ˆH [5, 6].
The extracted transition amplitude for the s channel is [42,
89]
Ms =
{∑
n=0
(
gs1 +
1
(−2)n gs2
)
Aout · Ain Fs(n)
n!
Xn
+
∑
n=1
(
gs1 +
1
(−2)n gs2
)
Fs(n)
(n − 1)!X
n−1
×
(
ωi
6µq
Aout · q + ωi3mq Ain · k +
ωi
mq
ωi
2µq
α2
)
+
∑
n=2
(
gs1 +
1
(−2)n gs2
)
ω fωi
18mqµq
k · q Fs(n)(n − 2)!X
n−2
+
∑
n=0
(
gv1 +
1
(−2)n gv2
)
iσ · (Aout × Ain) Fs(n)
n!
Xn
−
∑
n=2
(
gv1 +
1
(−2)n gv2
)
ω fωi
18mqµq
iσ · (q × k)
× Fs(n)(n − 2)!X
n−2
}
e−(k
2
+q2)/6α2 , (6)
with
Ain = −
(
ωiKi + ωi6µq + 1
)
k, (7)
Aout = −
(
ω fK f +
ω f
6µq
+ 1
)
q, (8)
where Ki ≡ 1/(Ei + Mi), K f ≡ 1/(E f + M f ) and mq is the
light quark mass. The X is defined as X ≡ k · q/(3α2), and
the factor Fs(n) is given by expanding the energy propagator
in Eq. (6) which leads to
Fs(n) = MnPi · k − nMnωh , (9)
where Mn is the mass of the intermediate baryons in the n-th
shell, while ωh is the typical energy of the harmonic oscilla-
tor; Pi and k are the four momenta of the initial baryons and
incoming mesons in the center-of-mass (c.m.) system, respec-
tively.
While the extracted transition amplitude for the u channel
is [42, 89]
Mu = −
{
Bin · Bout
∑
n=0
[
gus1 + (−2)−ngus2
] Fu(n)
n!
Xn
+
(
ω f
3mq
Bin · k + ωi6µq Bout · q +
ωi
2µq
ω f
mq
α2
)
×
∑
n=1
[
gus1 + (−2)−ngus2
] Fu(n)
(n − 1)!X
n−1
+
ω fωi
18mqµq
k · q
∑
n=2
Fu(n)
(n − 2)!
[
gus1 + (−2)−ngus2
]
Xn−2
+iσ · (Bin × Bout)
∑
n=0
[
guv1 + (−2)−nguv2
] Fu(n)
n!
Xn
+
ω fωi
18mqµq
iσ · (q × k)
∑
n=2
[
guv1 + (−2)−nguv2
]
Xn−2
× Fu(n)(n − 2)! + iσ ·
[
ω f
3mq
(Bin × k) + ωi6µq (q × Bout)
]
∑
n=1
[
guv1 + (−2)−nguv2
]
Xn−1 Fu(n)(n − 1)!
}
e−(k
2
+q2)/6α2 ,(10)
where, we have defined
Bin ≡ −ωi
(
K f + K j +
1
6µq
)
q − (ωiK j + 1)k, (11)
Bout ≡ −ω f
(
Ki + K j +
1
6µq
)
k − (ω f K j + 1)q, (12)
with K j ≡ 1/(E j + M j). The factor Fu(n) is given by
Fu(n) = MnPi · q + nMnωh , (13)
where q stands for the four momenta of the outgoing mesons
in the c.m. system.
The g-factors appeared in the s- and u-channel amplitudes
are determined by [42]
gs1 ≡ 〈N f |
∑
j
I fj I
i
j|Ni〉/3, (14)
gs2 ≡ 〈N f |
∑
i, j
I fi I
i
jσi · σ j|Ni〉/3, (15)
gv1 ≡ 〈N f |
∑
j
I fi I
i
jσ jz|Ni〉/2, (16)
gv2 ≡ 〈N f |
∑
i, j
I fi I
i
j(σi × σ j)z|Ni〉/2, (17)
gus1 ≡ 〈N f |
∑
j
IijI
f
j |Ni〉, (18)
gus2 ≡ 〈N f |
∑
i, j
Iii I
f
jσi · σ j|Ni〉/3, (19)
guv1 ≡ 〈N f |
∑
j
IijI
f
j σ
z
j|Ni〉, (20)
guv2 ≡ 〈N f |
∑
i, j
Iii I
f
j (σi × σ j)z|Ni〉/2, (21)
whereσ j corresponds to the Pauli spin vector of the j-th quark
in a hadron, Iij and I
f
j are the isospin operators of the initial and
final mesons defined in [42].
These g-factors can be derived in the SU(6)⊗O(3) symme-
try limit. In Tab. II, we have listed the g-factors for the reac-
tions K−p → Σ0π0, Λπ0 and ¯K0n. From these factors, we can
see some interesting features of these reactions. For example,
it is found that in the reactions K−p → Σ0π0 and Λπ0, the
K−- and π0-mesons can not couple to the same quark of a s-
channel intermediate state (i.e., gs1 = gv1 = 0), which leads to
a strong suppression of the s-channel contributions. However,
4for the u channel the kaon and pion can couple to not only the
same quark but also different quarks of a baryon. Thus, the u
channel could contribute a large background to these two pro-
cesses. While for the charge-exchange reaction K−p → ¯K0n,
there are no u-channel contributions (i.e., gu = 0), and only
the s-channel amplitude Ms3 survives for the isospin selection
rule (i.e., gs2 = gv2 = 0).
In this work, we consider the vector-exchange and the
scalar-exchange for the t-channel backgrounds. The vector
meson-quark and scalar meson-quark couplings are given by
HV = ¯ψ j
(
aγν +
bσνλ∂λ
2mq
)
Vνψ j, (22)
HS = gS qq ¯ψ jψ jS , (23)
where V and S stands for the vector and scalar fields, respec-
tively. The constants a, b and gS qq are the vector, tensor and
scalar coupling constants, respectively. They are treated as
free parameters in this work.
On the other hand, the VPP and S PP couplings (P stands
for a pseudoscalar-meson) are adopted as [93, 94]
HVPP = −iGVTr([φm, ∂µφm]Vµ), (24)
HS PP =
gS PP
2mπ
∂µφm∂
µφmS , (25)
where GV is the coupling constant to be determined by exper-
imental data.
For the case of the vector meson exchange, the t-channel
amplitude in the quark model is given by
MVt = OtV
1
t − M2V
e−(q−k)
2/(6α2), (26)
where e−(q−k)2/(6α2) is a form factor deduced from the quark
model, and MV is the vector-meson mass. The amplitude OtV
is given by
OtV = Gva[gst (H0 +H1q · k) + gvtH2iσ · (q × k)]
+tensor term, (27)
where we have defined
H0 ≡ E0
1 + K f6µq q
2 − Ki6µq k
2 +
1
4µ2q
[
α2
3 +
1
9(q
2 + k2)
]
+
1
3µq
(q2 − k2) +K f q2 +Kik2, (28)
H1 ≡ E0
KiK f − K f6µq +
Ki
6µq
− 1
2µ2q
 +K f +Ki, (29)
H2 ≡ E0
[
K fKi −
K f
6µq
+
Ki
6µq
]
+Ki +K f , (30)
with E0 = ωi + ω f . The tensor term of the t-channel vector-
exchange amplitude is less important than that of vector term.
In the calculations, we find the results are insensitive to the
tensor term, thus, its contributions are neglected for simplic-
ity. In Eq.(27), we have defined gst ≡ 〈N f |
∑3
j=1 Iexj |Ni〉, and
gvt ≡ 〈N f |
∑3
j=1 σ jIexj |Ni〉, which can be deduced from the
quark model, where, Iexj is the isospin operator of exchanged
meson. For the K−p → Σ0π0,Λπ0 processes, the vector K∗+-
exchange is considered, and for the K−p → n ¯K0 process, the
vector ρ+-exchanged is considered.
While, for the case of the scalar meson exchange, the t-
channel amplitude in the quark model is written as
MSt = OtS
1
t − m2S
e−(q−k)
2/(6α2), (31)
where mS is the scalar-meson mass, and the OtS is given by
OtS ≃
gS PPgS qq
2mπ
(ωiω f − q · k)[gst (A0 +A1q · k)
+gvtA2iσ · (q × k)], (32)
with
A0 ≡ 1 −
K f
6µq
q2 + Ki6µq k
2 − 1
4µ2q
[
α2
3 +
q2 + k2
9
]
, (33)
A1 ≡ −KiK f + 16µqK f −
1
6µq
Ki + 118µ2q
, (34)
A2 ≡ −KiK f + 16µqK f −
1
6µq
Ki. (35)
In Eq.(32), we have neglected the higher order terms. In this
work, the scalar κ-exchange is considered for the K−p →
Σ0π0,Λπ0 processes, while the scalar a0(980)-exchange is
considered for the K−p → n ¯K0 process.
III. SEPARATION OF THE RESONANCE
CONTRIBUTIONS
It should be remarked that the amplitudes in terms of the
harmonic oscillator principal quantum number n are the sum
of a set of SU(6) multiplets with the same n. To see the
contributions of an individual resonance listed in Tab. I, we
need to separate out the single-resonance-excitation ampli-
tudes within each principal number n in the s channel.
We have noticed that the transition amplitude has a unified
form [95]:
O = f (θ) + ig(θ)σ · n, (36)
where n ≡ q×k/|k×q|. The non-spin-flip and spin-flip ampli-
tudes f (θ) and g(θ) can be expanded in terms of the familiar
partial wave amplitudes Tl± for the states with J = l ± 1/2:
f (θ) =
∞∑
l=0
[(l + 1)Tl+ + lTl−]Pl(cos θ), (37)
g(θ) =
∞∑
l=0
[Tl− − Tl+] sin θP′l (cos θ). (38)
Combining Eqs. (37) and (38), firstly, we can separate out
the partial waves with different l in the same n. For example,
5in the n = 0 shell, only the P (l = 1) wave contributes to the
reaction; in the n = 1 shell, both S (l = 0) and D (l = 2) waves
contribute to the reaction; and in the n = 2 shell, only the P
and F waves are involved in the process. The separated partial
amplitudes, On(l), up to the n = 2 shell are given by [42, 89]
O0(P) = (gs1 + gs2)Aout · Ain
+(gv1 + gv2)iσ · (Aout × Ain), (39)
O1(S ) =
(
gs1 − 12gs2
) (
|Aout| · |Ain| |k||q|9α2 +
ωi
6µq
Aout · q
+
ω f
6µq
Ain · k +
ωiω f
4µqµq
α2
)
, (40)
O1(D) =
(
gs1 − 12gs2
)
|Aout| · |Ain|(3 cos2 θ − 1) |k||q|9α2
+
(
gv1 − 12gv2
)
iσ · (Aout × Ain)k · q3α2 , (41)
O2(P) =
(
gs1 +
1
4
gs2
) (
|Aout ||Ain| |k||q|10α2 +
ωi
6µq
Aout · q
+
ω f
6µq
Ain · k +
ω f
µq
ωi
µq
α2
3
) |k||q|
3α2
cos θ
−
(
gv1 +
1
4
gv2
)
ω fωi
(6µq)2 iσ · (q × k)
+
1
10
(
gv1 +
1
4
gv2
)
iσ · (Aout × Ain)
( |k||q|
3α2
)2
,(42)
O2(F) =
(
gs1 +
1
4
gs2
)
1
2
|Aout ||Ain|
(
cos3 θ − 35 cos θ
)
×
( |k||q|
3α2
)2
+
(
gv1 +
1
4
gv2
)
iσ · (Aout × Ain)
×1
2
(
cos2 θ − 15
) ( |k||q|
3α2
)2
. (43)
Then, using the Eqs. (37) and (38) again, we can separate
out the partial amplitudes On(l) for the states with different
JP in the same l as well. For example, we can separate out
the resonance amplitudes with Jp = 3/2− [i.e., O1(DI3)] and
Jp = 5/2− [i.e., O1(DI5)] from the amplitude O1(D).
Finally, we should sperate out the partial amplitudes with
the same quantum numbers n, l, JP in the different represen-
tations of the constituent quark model. We notice that the
resonance transition strengths in the spin-flavor space are de-
termined by the matrix element 〈N f |H fm|N j〉〈N j|Him|Ni〉. Their
relative strengths gR (R ≡ lI2J[N6,2S+1 N3,L]) can be explicitly
determined by the following relation:
glI2J[N6 ,2S+1N3 ,L]
glI2J[N′6,2S′+1N′3 ,L′]
=
〈N f |I f3σ3z|lI2J[N6,2S+1 N3, L]〉
〈N f |I f3σ3z|lI2J[N′6,2S
′+1 N′3, L′]〉
· 〈lI2J[N6,
2S+1 N3, L]|Ii3σ3z|Ni〉
〈lI2J[N′6,2S
′+1 N′3, L′]|Ii3σ3z|Ni〉
, (44)
At last, we obtain the single-resonance-excitation amplitudes
OR by the relation:
O(n, l, J) =
∑
R
OR(n, l, J) =
∑
R
gRO(n, l, J). (45)
In this work, the values of gR for the reactions K−p → Σ0π0,
Λπ0 and ¯K0n have been derived in the symmetric quark model,
which have been listed in Tab. II.
TABLE II: Various g and gR factors extracted in the symmetric quark
model.
K−p → Σ0π0 K−p → Λπ0 K−p → ¯K0n
factor value factor value factor value
gu
s1 1/2 gus1
√
3/2 gs1 1
gu
s2 1 gus2
√
3/3 gv1 5/3
gu
v1 −1/6 guv1
√
3/2 gS 01 [70,21] 27/36
gu
v2 −1 guv2
√
3/3 gS 01 [70,28] 27/36
gs2 1 gs2
√
3/3 gS 11 [70,28] −1/36
gv2 1 gv2 −
√
3/3 gS 11 [70,48] −16/36
gS 01[70,21] 3/2 gS 11 [70,28] −1/6 gS 11[70,210] −1/36
gS 01[70,28] −1/2 gS 11 [70,48] 4/6 gD03[70,21] 135/252
gD03[70,21] 3/2 gS 11[70,210] −1/6 gD03[70,28] 135/252
gD03[70,28] −1/2 gD13[70,28] 5/6 gD13[70,28] −5/252
gD13[70,48] −4/6 gD13[70,48] −8/252
gD13[70,210] −5/6 gD13 [70,210] −5/252
gΛ 27/26
gΣ −1/26
Taking into account the width effects of the resonances, the
resonance transition amplitudes of the s channel can be gen-
erally expressed as [87, 89]
MsR =
2MR
s − M2R + iMRΓR(q)
ORe−(k
2
+q2)/6α2 , (46)
where ΓR(q) is an energy-dependent width introduced for the
resonances in order to take into account the off-mass-shell ef-
fects in the reaction. It is adopted as [81, 85, 87]
ΓR(q) = ΓR
√
s
MR
∑
i
xi
( |qi|
|qRi |
)2l+1 D(qi)
D(qRi )
, (47)
where |qRi | = ((M2R − M2b +m2i )/4M2R −m2i )1/2, and |qi| = ((s−
M2b+m
2
i )/4s−m2i )1/2; xi is the branching ratio of the resonance
decaying into a meson with mass mi and a baryon with mass
Mb, and ΓR is the total decay width of the resonance with mass
MR. D(q) = e−q2/3α2 is a fission barrier function.
IV. CALCULATION AND ANALYSIS
A. Parameters
With the transition amplitudes derived from the previous
section, the differential cross section and polarization of final
baryon can be calculated by
dσ
dΩ =
(Ei + Mi)(E f + M f )
64π2s(2Mi)(2M f )
|q|
|k|
M2N
2
×
∑
λi,λ f
∣∣∣∣∣∣∣
[
δmi
fmi
δm f
fm f
(Ms +Mu) +Mt
]
λ f ,λi
∣∣∣∣∣∣∣
2
, (48)
6TABLE III: The strength parameters CR determined by the experi-
mental data.
Parameter K−p → Σ0π0 K−p → Λπ0 K−p → ¯K0n
C[70,
21]
S 01(1405) 1.13
+0.17
−0.05 ... 0.72
+0.03
−0.06
C[70,
28]
S 01(1670) 0.33
+0.05
−0.08 ... 0.08+0.02−0.03
C[70,
28]
S 11(1630) ... 1.00 1.00
C[70,
48]
S 11(1750) ... 0.86
+0.08
−0.12 0.50+0.15−0.15
C[70,
210]
S 11(1810) ... 1.00 1.00
C[70,
21]
D03(1520) 2.49
+0.06
−0.05 ... 2.87
+0.15
−0.15
C[70,
28]
D03(1690) 1.00 ... 0.30
+0.08
−0.04
C[70,
28]
D13(1670) ... 1.00 5.00
+1.00
−2.00
C[70,
48]
D13(1740) ... 1.00 1.00
C[70,
210]
D13(1780) ... 1.00 1.00
C[70,
48]
D15(1775) ... 0.78
+0.20
−0.13 1.00
Cu 0.68+0.05−0.08 0.95+0.03−0.02 ...√
δmiδm f 0.99± 0.01 1.13± 0.01 1.08± 0.01
TABLE IV: Breit-Wigner masses MR (MeV) and widths ΓR ( MeV)
for the resonances.
[N6,2S+1 N3, n,L] lI,2J MR ΓR MR (PDG) ΓR (PDG)
[70,2 1, 1, 1] S 01 1410 80 1406 ± 4 50 ± 2
D03 1519 19 1520 ± 1 16 ± 1
[70,2 10, 1, 1] S 11 1810 200 ... ...
D13 1780 150 ... ...
[70,2 8, 1, 1] S 01 1674 50 1670 ± 10 25 ∼ 50
D03 1685 62 1690 ± 5 60 ± 10
S 11 1631 102 1620 10 ∼ 110
D13 1674 52 1675 ± 10 60 ± 20
[70,4 8, 1, 1] S 11 1770 90 1765 ± 35 60 ∼ 160
D13 1740 80 ... ...
D15 1775 105 1775 ± 5 120 ± 15
[56,2 8, 2, 0] P01 1600 150 1630 ± 70 150 ± 100
P11 1660 160 1660 ± 30 40 ∼ 200
P = 2 Im[ f (θ)g
∗(θ)]
| f (θ)|2 + |g(θ)|2 , (49)
where λi = ±1/2 and λ f = ±1/2 are the helicities of the
initial and final state baryons, respectively. δmiδm f is a global
parameter accounting for the flavor symmetry breaking effects
arising from the quark − meson couplings, which is to be de-
termined by experimental data. fmi and fm f are the initial and
final meson decay constants, respectively.
In the calculation, the universal value of harmonic oscillator
parameter α = 0.4 GeV is adopted. The masses of the u, d,
and s constituent quarks are set as mu = md = 330 MeV,
and ms = 450 MeV, respectively. The decay constants for π,
and K are adopted as fπ = 132 MeV and fK = 160 MeV,
respectively.
In our framework, the resonance transition amplitude, OR,
is derived in the SU(6)⊗O(3) symmetric quark model limit.
In reality, the SU(6)⊗O(3) symmetry is generally broken due
to e.g. spin-dependent forces in the quark-quark interaction.
As a consequence, configuration mixings would occur, and an
analytic solution cannot be achieved. To take into account the
breaking of that symmetry, an empirical way [83, 84] is to
introduce a set of coupling strength parameters, CR, for each
resonance amplitude,
OR → CROR , (50)
where CR should be determined by fitting the experimental ob-
servables. In the SU(6)⊗O(3) symmetry limit one finds CR =
1, while deviations of CR from unity imply the SU(6)⊗O(3)
symmetry breaking. The determined values of CR have been
listed in Tab. III. For the uncertainties of the data, the parame-
ters listed in Tab. III have some uncertainties as well. To know
some uncertainties of a main parameter, we vary it around
its central value until the predictions are inconsistent with the
data within their uncertainties. The obtained uncertainties for
the main parameters have been given in Tab. III as well.
In the t channel, two coupling constants, GVa from vector-
exchange and gS PPgS qq from scalar-exchange, are considered
as free parameters. By fitting the data, we found that GVa ≃ 4
and gS PPgS qq ≃ 117 for the K−p → Σ0π0,Λπ0, n ¯K0 processes.
In the calculations, the n = 2 shell S = −1 resonances
in the s channel are treated as degeneration, their degenerate
mass and width are taken as M = 1800 MeV and Γ = 100
MeV, since in the low energy region the contributions from
the n = 2 shell are not significant. In the u channel, the inter-
mediate states are the nucleon and its resonances. It is found
that contributions from the n ≥ 1 shells of the u channel are
negligibly small, thus, the masses of the intermediate states
for these shells are also treated as degeneration. In this work,
we take M1 = 1650 MeV (M2 = 1750 MeV) for the degen-
erate mass of the n = 1 (n = 2) shell nucleon resonances.
By fitting the data, we obtain the masses and widths of the
main strange resonances in the s channel, which are listed in
Tab. IV. Our results show that the resonance parameters are
in agreement with the PDG values.
B. K−p → Σ0π0
The K−p → Σ0π0 process provides us a rather clear chan-
nel to study the Λ resonances, because only the Λ resonances
contribute here for the isospin selection rule. The low-lying
Λ resonances classified in the quark model are listed in Tab.
I, from which we see that in n = 0 shell, only the Λ pole
contributes to the process. In the n = 1 shell, two S wave
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FIG. 2: (Color online) Differential cross sections (upper panel) and Σ0 polarizations (lower panel) of the K−p → Σ0π0 process compared with
the data are from [76] (open circles), [77] (squares) and [57] (triangles).
states (i.e., [70,2 8]Λ(1670)S 01, [70,2 1]Λ(1405)S 01), and two
D wave states (i.e., [70,2 1]Λ(1520)D03, [70,2 8]Λ(1690)D03)
contribute to the reaction. The excitations of [70,4 8] are
forbidden for the Λ-selection rule [96–98]. In our previous
work [42], we have studied the K−p → Σ0π0 process. For
more accurate data of K−p → Σ0π0, ¯K0n are reported recently,
which can be used to further constrain the properties of the Λ
resonances. In this work we revisit the K−p → Σ0π0 pro-
cess. The differential cross sections, Σ0 polarizations and total
cross sections compared with the data are shown in Figs. 2
8and 3. They are well described with the parameters deter-
mined by fitting the 112 data of the differential cross sections
from Ref. [77]. The χ2 per datum point is about χ2/N = 3.4.
The main conclusions of our previous study [42] still hold as
compared with those of the present work. In this work, the de-
scriptions of the differential cross sections at forward angles
are obviously improved (see Fig. 2). From Fig. 2, it is seen
that the measurements of the Σ0 polarizations from [76] and
[77] are not consistent with each other. Our theoretical results
of Σ0 polarizations show some agreement with the measure-
ments from [77] at backward angles.
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FIG. 3: (Color online) Cross section of the K−p → Σ0π0 process.
The bold solid curves are for the full model calculations. Data are
from Refs. [71] (down-triangles), [61] ( solid circles), [57] (solid dia-
monds), [60] (left-triangles), [59] (up-triangles), [76] (open squares),
and [67] (solid squares). In the upper panel, exclusive cross sections
for Λ(1405)S 01, Λ(1520)D03, Λ(1670)S 01, Λ(1690)D03, t channel,
and u channel are indicated explicitly by the legends in the figures.
In the lower panel, the results by switching off the contributions of
Λ(1405)S 01, Λ(1520)D03, Λ(1670)S 01, Λ(1690)D03, t channel, and
u channel are indicated explicitly by the legends in the figures.
Combining the determined CR and gR factors, we derive
the ratios of the strengths (∝ gRCR) for the S - and D-wave
resonances in the reaction, which are
GS 01(1405) : GS 01(1670) ≃ −9 : 1, (51)
GD03(1520) : GD03(1690) ≃ −7 : 1. (52)
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FIG. 4: (Color online) Effects of backgrounds and individual res-
onances on the differential cross sections at three energies for the
K−p → Σ0π0 process. The bold solid curves are for the full model
calculations. In panels (a1)-(a3), the dashed, dotted, and dash-dotted
are for the results given by switching off the contributions from the
Λ pole, u channel and t channel, respectively. In panels (b1)-(b3),
the dotted, dashed, dash-dotted, dash-dot-doted curves stand for the
results given by switching off the contributions from Λ(1520)D03,
Λ(1690)D03, Λ(1670)S 01 and Λ(1405)S 01, respectively.
From the ratios, it is found that the Λ(1405)S 01 and
Λ(1520)D03 govern the contributions of S and D waves, re-
spectively, in the reaction. The reversed signs in the two S
waves (D waves) indicates that they have destructive interfer-
ences each other.
It should be mentioned that our analysis suggests a much
weaker contribution of Λ(1670)S 01 in the reaction than that
derived from the symmetry quark model. The coupling
strength parameter, CR, is about 1/3 of that derived in the
SU(6)⊗O(3) limit. The weaker contribution of Λ(1670)S 01
might be explained by the configuration mixing between
Λ(1405)S 01 and Λ(1670)S 01 [42]. An et al. also pre-
dicted the existence of configuration mixings within the
Λ(1405)S 01 and Λ(1670)S 01 by analyzing the decay proper-
ties of Λ(1405)S 01 [19]. On the other hand, to well describe
the data, it is needed a large amplitude of Λ(1520)D03 in the
reaction, which is about a factor of 2.5 larger than that de-
rived in the SU(6)⊗O(3) limit (i.e., CD03(1520) ≃ 2.5 ). This
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FIG. 5: (Color online) Effects of backgrounds and individual reso-
nances on the Σ0 polarizations at three energies for the K−p → Σ0π0
process. The bold solid curves are for the full model calculations.
The results by switching off the contributions from Λ(1405)S 01,
Λ(1670)S 01, Λ(1520)D03, Λ(1690)D03, Λ-pole, u- and t-channel
backgrounds are indicated explicitly by the legend.
means that we underestimate the couplings of Λ(1520)D03 to
¯KN and/or πΣ in the SU(6)⊗O(3) limit for some reasons.
The dominant roles of Λ(1405)S 01 and Λ(1520)D03 in the
reaction can be obviously seen in the cross section, differential
cross sections and Σ0 polarizations. Switching off the contri-
bution of Λ(1405)S 01 or Λ(1520)D03, the cross section, dif-
ferential cross sections and polarizations change dramatically
(see Figs. 3-5). The cross sections in the low energy region
PK− . 300 MeV/c (W . 1.49 GeV) are sensitive to the mass
of Λ(1405)S 01. From Figs. 3 and 4 it is seen that Λ(1520)D03
plays a crucial role in the low energy region. Around PK− =
400 MeV/c (W ≃ 1.52 GeV), Λ(1520)D03 is responsible for
the sharp resonant peak in the total cross section. The tail of
the partial cross section of Λ(1520)D03 can extend to the low
energy region PK− ∼ 300 MeV/c (W ∼ 1.49 GeV), and to
the higher energy region PK− ∼ 750 MeV/c (W ∼ 1.68 GeV),
which is consistent with the analysis of [34].
Although the contributions of Λ(1670)S 01 and Λ(1690)D03
are not as strong as those of Λ(1405)S 01 and Λ(1520)D03,
their roles can be seen around its threshold as well. If we
switch off one of their contributions, the differential cross sec-
tions and Σ0 polarizations change significantly at PK− ≃ 700 ∼
800 MeV/c (W ≃ 1.65 ∼ 1.7 GeV) (see Figs. 4 and 5). From
Fig. 3, it is found that the bump structure around PK− = 780
MeV/c (W ≃ 1.69 GeV) in the cross sections comes from
the interferences betweenΛ(1670)S 01 andΛ(1690)D03. Turn-
ing off the contributions of Λ(1670)S 01 and Λ(1690)D03 at
the same time, the bump structure around PK− = 780 MeV/c
(W ≃ 1.69 GeV) will disappear.
Both u- and t-channel backgrounds play crucial roles in the
reactions. Switching off t-channel contribution, the differen-
tial cross sections are strongly overestimated at both forward
and backward angles, while the sign of the polarization is
even changed. The u-channel effects on the differential cross
sections are also can be obviously seen, if its contribution is
switched off, differential cross sections are overestimated sig-
nificantly.
Finally, it should be pointed out that theΛ pole also plays an
important role in the reaction. It has large effects on both the
differential cross sections and Σ0 polarizations in the whole
energy region what we considered, although it has negligible
effects on the total cross section. Switching off its contribu-
tions, the differential cross sections and Σ0 polarizations are
dramatically changed at both forward and backward angles
(see Figs. 4 and 5).
As a whole, the resonances Λ(1405)S 01 and Λ(1520)D03
play dominant roles in the reactions. Although the contri-
butions of Λ(1670)S 01 and Λ(1690)D03 are much weaker
than those of Λ(1405)S 01 and Λ(1520)D03, obvious evi-
dence of Λ(1670)S 01 and Λ(1690)D03 in the reaction can
be seen around their threshold. The interferences between
Λ(1670)S 01 and Λ(1690)D03 might be responsible for the
bump structure around W = 1.69 GeV in the cross section.
There might exist configuration mixings between Λ(1405)S 01
and Λ(1670)S 01. The backgrounds also play crucial roles in
the reactions. The differential cross sections are sensitive to
the Λ pole, although the total cross section is less sensitive to
it. The u- and t-channel backgrounds dramatically affects both
the angle distributions and total cross section.
C. K−p → Λπ0
In this reaction, the intermediate states of s channel can
only be hyperons with isospin I = 1 (i.e., Σ hyperons) for
the isospin selection rule. Thus, this reaction provides us a
rather clear place to study the Σ resonances. The low-lying Σ
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FIG. 6: (Color online) Differential cross sections (upper panel) and Λ polarizations (lower panel) of K−p → Λπ0 compared with the data
from [77] (solid circles), and [57] (squares).
resonances classified in the quark model are listed in Tab. I.
From the table, we see that in the n = 0 shell there are two
P waves: Σ(1193)P11 and Σ(1385)P13. While in the n = 1
shell, there exist three S 11 waves: [70,2 10]S 11, [70,2 8]S 11
and [70,4 8]S 11; three D13 waves: [70,2 10]D13, [70,2 8]D13
and [70,4 8]D13; and one D15 wave: [70,4 8]D15. In these res-
onances only two states Σ(1670)D13 and Σ(1775)D15 are well-
established [1]. According to the classifications of the con-
11
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FIG. 7: (Color online) Cross section of the K−p → Λπ0 process. The
bold solid curves are for the full model calculations. Data are from
Refs. [57] (open squares), [58] ( solid circles), [70] (left-triangles),
[66] (right-triangles), [71] (down-triangles), [77] (up-triangles), [63]
(open circles), [67] (solid squares), [69] (solid diamonds). In the up-
per panel, exclusive cross sections for Σ(1750), Λ(1775), t channel,
and u channel are indicated explicitly by the legends in the figures.
In the lower panel, the results by switching off the contributions of
Σ(1750), Λ(1775), t channel, and u channel are indicated explicitly
by the legends in the figures.
stituent quark model, they correspond to the representations
[70,2 8, 1, 1] and [70,4 8, 1, 1], respectively. Although, many Σ
resonances have been listed in PDG book [1], their properties
are still controversial. The Σ spectroscopy is far from being
established. In the present work, we have carefully analyzed
the new data of K−p → Λπ0. Our results compared with the
data have been shown in Figs. 6 and 7. From these figures, it
is seen that the low energy reaction K−p → Λπ0 can be well
described with the parameters (See Tab. III) determined by
fitting 252 data points of the differential cross sections and Λ
polarizations from Ref. [77], except some differences between
theoretical results and the observations of the Λ polarizations
in the higher energy region PK− & 650 MeV/c (W & 1.63
GeV). The χ2 per datum point is about χ2/N = 5.3.
According to the determined gR and CR factors, we derive
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the strength ratios between the S -wave resonances, which are
GS 11[70,28] : GS 11[70,48] : GS 11[70,210] ≃ −1 : 4 : −1. (53)
It indicates the dominant contributions of S 11[70,4 8] in the
S waves. While, the derived strength ratios between the D13
waves are
GD13[70,28] : GD13[70,48] : GD13[70,210] ≃ 5 : −4 : −5. (54)
It is shown that these D-wave resonances with JP = 3/2− have
comparable contributions to the reaction.
From Tab. I, it is found that the low-lying three S -wave
resonances [70,2 10]S 11, [70,2 8]S 11 and [70,4 8]S 11 are not
established at all. According to the predictions of the tradi-
tional quark model, the masses of the S-wave Σ resonances
should be larger than 1.6 GeV, however, the PDG has listed
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some states with mass less than 1.6 GeV, such as Σ(1480),
Σ(1560) and Σ(1580). We carefully analyze the differential
cross sections, cross sections and Λ polarizations of the reac-
tion K−p → Λπ0. We have found that the [70,4 8]S 11 should
have a mass of ∼ 1770 MeV, and a width of ∼ 90 MeV. This
state has a significant contribution to the reaction in the whole
resonance regions what we considered. Both the mass and
width of this resonance are consistent with the 3-star reso-
nance Σ(1750)1/2− in PDG. Switching off its contributions,
from Figs. 7-9 we find that the cross sections are obviously
underestimated, and the shapes of the differential cross sec-
tions and polarizations change dramatically. Furthermore, we
find that the resonance [70,2 8]S 11 with a mass of∼ 1631 MeV
and a width of ∼ 100 MeV seems to be needed in the reac-
tions, with which the descriptions of the data around W ≃ 1.6
GeV is improved slightly (see Fig. 8). This resonance is most
likely to be the two-star state Σ(1620)1/2− in PDG. The quark
model classifications for Σ(1620)1/2− and Σ(1750)1/2− sug-
gested by us are consistent with the suggestions in Ref. [3]. It
should be mentioned that no obvious evidence of [70,2 10]S 11
is found in the reaction.
In the D waves, Σ(1670)D13 and Σ(1775)D15 are two well-
established states. According to the quark model classifi-
cations, they correspond to the representations [70,2 8, 1, 1]
and [70,4 8, 1, 1], respectively. Obvious roles of Σ(1775)D15
can be found in the reaction. From Fig. 7, it is seen that
the bump structure in the cross section around PK− = 950
MeV/c (W ≃ 1.77 GeV) is due to the interferences between
Σ(1775)D15 and Σ(1750)S 11. The effects of Σ(1775)D15 on
the differential cross sections can extend to the low energy re-
gion PK− ≃ 600 MeV/c (W ≃ 1.6 GeV). Switching off the
contribution of Σ(1775)D15, one can see that the differential
cross sections at very forward and backward angles change
significantly. No confirmed evidence for Σ(1670)D13 and the
other D-wave resonances is found in the reaction.
It should be mentioned that the ground P-wave state
Σ(1385)P13 plays a crucial role in the reaction. Both the dif-
ferential cross sections and the Λ polarizations are sensitive
to it. Switching off the contributions of Σ(1385)P13, one finds
that the differential cross sections and Λ polarizations change
dramatically (see the Figs. 8 and 9). However, Σ(1193)P11
has a small effect on the differential cross sections. With-
out Σ(1193)P11, the differential cross sections only enhance
slightly at forward angles.
Σ(1660)P11 is a well established state in the energy region
what we considered, thus, we have analyzed its contributions
to the reaction K−p → Λπ0. It should be pointed out that we
do not find any obvious evidence of Σ(1660)P11 in the reac-
tion. However, it should be mentioned that recently, Gao, Shi
and Zou had studied this reaction with an effective Lagrangian
approach as well, they claimed that their results clearly sup-
port the existence of Σ(1660)P11 in the reaction [46].
Finally, it should be emphasized that the u- and t-channel
backgrounds play dominant roles in the reaction. Both of the
two channels not only are the main contributors to the total
cross sections, but also have large effects on the differential
cross sections and Λ polarizations (see Figs. 8 and 9).
In brief, the reaction K−p → Λπ0 is dominated by the
u- and t-channel backgrounds and the ground P-wave state
Σ(1385)P13. Furthermore, significant evidence of Σ(1775)D15
and Σ(1750)S 11 can be found in the reaction. Some hints
of Σ(1620)1/2− might exist in the reaction, with which the
descriptions of the data around W ≃ 1.6 GeV is improved
slightly. It should be pointed out that no confirmed evidence
of the low mass resonances Σ(1480), Σ(1560) and Σ(1580)
listed in PDG is found in the K−p → Λπ0 process.
D. K−p → ¯K0n
Both the isospin-1 and isospin-0 intermediate hyperons can
contribute to the reaction K−p → ¯K0n. Thus, the properties
of Λ and Σ resonaces can be further constrained and/or con-
firmed by the study of the K−p → ¯K0n process. We have
analyzed the data of the low energy reaction K−p → ¯K0n.
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Our results compared with the data are shown in Figs.10 and
11. From these figures, it is found that the data are described
fairly well within our chiral quark model. However, we also
notice that our theoretical results might underestimate the dif-
ferential cross sections at forward angles in the higher energy
region PK− & 560 MeV/c (W & 1.59 GeV).
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FIG. 10: (Color online) Differential cross sections of K−p → ¯K0n compared with the data are from [58] (diamond), [77] (solid circles), [57]
(open squares), [64] (up triangles).
In the SU(6)⊗O(3) symmetry limit, the couplings of
Λ(1405)S 01 and Λ(1670)S 01 to the ¯KN should have the
same value, however, the data favor a much weaker cou-
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pling of Λ(1670)S 01 to ¯KN than that of Λ(1405)S 01, i.e.,
|gΛ(1670) ¯KN | ≪ |gΛ(1405) ¯KN |, which consists with our previous
analysis of the K−p → Σ0π0 process, where a very weak cou-
pling of Λ(1670)S 01 to the ¯KN is also needed. The weak
coupling of Λ(1670)S 01 to ¯KN was predicted with UχPT
approach as well [26] . The configuration mixing between
Λ(1670)S 01 andΛ(1405)S 01 might explain the weak coupling
of Λ(1670)S 01 to ¯KN [42]. Furthermore, we find that the data
favor a large coupling of Λ(1520)D03 to ¯KN, which indicates
that we might underestimate the coupling of Λ(1520)D03 to
¯KN in the SU(6)⊗O(3) limit. We also note that a larger cou-
pling of Λ(1520)D03 to ¯KN is needed in the K−p → Σ0π0
process.
According to the determined CR parameters and gR factors,
the ratios of the couplings of S -wave resonances to ¯KN are
obtained:
|gΛ(1405) ¯KN | : |gΛ(1670) ¯KN | : |gS 11[70,28] ¯KN | : |gS 11[70,48] ¯KN |
: |gS 11[70,210] ¯KN | ≃ 5.2 : 1.9 : 1 : 2.5 : 1. (55)
From the ratios, it is seen that Λ(1405)S 01 dominates the S -
wave contributions in the reaction. While, for the D-wave
resonances, the ratios of their couplings to ¯KN are
|gΛ(1520) ¯KN | : |gΛ(1690) ¯KN | : |gΣ(1670) ¯KN | : |gD13[70,48] ¯KN |
: |gD13[70,210] ¯KN | ≃ 9 : 3 : 2 : 1. (56)
It shows that Λ(1520)D03 dominates D-wave contributions in
the reaction.
Combing the ratios given in Eqs. (51)-(56), we can easily
estimate some other important ratios:
∣∣∣∣∣∣
gΛ(1405)Σπ
gΛ(1670)Σπ
∣∣∣∣∣∣ ≃ 3.8,
∣∣∣∣∣∣
gΛ(1520)Σπ
gΛ(1690)Σπ
∣∣∣∣∣∣ ≃ 4.0. (57)
In Figs.11 and 12, we have shown the contributions of
the main partial waves to the cross sections and differential
cross sections in the reaction. From the figure, it is seen that
Λ(1405)S 01 dominates the reaction at low energies. Switch-
ing off its contributions, we find that the cross sections at
PK− < 400 MeV/c (W < 1.52 GeV) are dramatically un-
derestimated (see Fig. 11). The differential cross sections are
sensitive to Λ(1405)S 01 in the whole energy region what we
considered, although it has less effects on the total cross sec-
tions at PK− & 400 MeV/c (W & 1.52 GeV).
The D-wave resonance Λ(1520)D03 is crucial to the reac-
tion as well. It is responsible for the sharp peak at PK− ≃ 400
MeV/c (W ≃ 1.52 GeV) in the cross section. The strong ef-
fects of Λ(1520)D03 on the reaction can extend to the higher
energy region PK− ≃ 1000 MeV/c (W ≃ 1.79 GeV). Switch-
ing off its contributions, the differential cross sections change
dramatically in a wide energy region PK− > 300 MeV/c
(W > 1.49 GeV). The bowl shape of the differential cross
section at PK− ≃ 400 MeV/c (W ≃ 1.52 GeV) is caused by the
interferences between Λ(1520)D03 and Λ(1405)S 01.
Furthermore, from Figs. 11 and 12, we can see slight ef-
fects of Λ(1690)D03, Σ(1670)D13 and Σ(1775)D15 on the dif-
ferential cross sections and cross sections in the energy region
PK− & 600 MeV/c (W & 1.6 GeV). Their contributions to
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FIG. 11: (Color online) Cross section of the K−p → ¯K0n process.
The bold solid curves are the full model calculations. Data are from
Refs. [77] (open squares), [58] ( solid circles), [60] (left-triangles),
[66] (down-triangles), [65] (stars), [67] (up-triangles), [68] (open cir-
cles), [62] (solid squares). In the upper panel, exclusive cross sec-
tions for Σ(1385), Λ(1405), Λ(1520), Λ(1690), Σ(1670), Σ(1775)
and t channel are indicated explicitly by the legends in the figures.
In the lower panel, the results by switching off the contributions of
Σ(1385), Λ(1405), Λ(1520), Λ(1690), Σ(1670), Σ(1775) and t chan-
nel are indicated explicitly by the legends in the figures.
the cross section are much smaller than those of Λ(1520)D03.
The interferences betweenΛ(1690)D03 and Σ(1670)D13 might
be responsible for the dip structure at PK− ≃ 750 MeV/c
(W ≃ 1.68 GeV) in the cross section. If we switch off their
contribution in the reaction, this dip structure will disappear
(see Fig. 11).
In the s-channel ground states, it is seen that Σ(1385)P13
plays an important role in the reaction. Without it, the cross
sections in the region PK & 500 MeV/c (W & 1.56 GeV) are
obviously underestimated, and the differential cross sections
are changed significantly. However, only a small contribution
of Σ(1193)P11 to the reaction is seen in the differential cross
sections at PK & 600 MeV/c (W & 1.6 GeV). Switching
off it, the cross sections at forward angles should be slightly
underestimated.
In the reaction K−p → ¯K0n, the t-channel background
also plays a crucial role. Switching off it, we have noted
that the cross sections are overestimated significantly, and the
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FIG. 12: (Color online) Effects of backgrounds and individual res-
onances on the differential cross sections at five energies for the
K−p → ¯K0n process. The bold solid curves are for the full
model calculations. The results by switching off the contributions
from Σ(1193), Σ(1385), Σ(1670), Σ(1775), Λ(1405), Λ(1520) and t-
channel backgrounds are indicated explicitly by the legend.
shapes of the differential cross sections change dramatically.
The t channel has significant destructive interferences with
Λ(1405)S 01.
It should be mentioned that in the K−p → ¯K0n pro-
cess, we do not find any confirmed evidence of Λ(1670)S 01,
Σ(1620)S 11, Σ(1750)S 11, Λ(1600)P01 and Σ(1660)P11. Fur-
thermore, we do not find any evidence of the low mass Σ res-
onances Σ(1480), Σ(1560) and Σ(1580) listed in PDG.
Summarily, Λ(1405) and Λ(1520)D03 and t-channel back-
ground govern the K−p → ¯K0n process at the low energy
regions. The ground P-wave state Σ(1385)P13 also plays an
important role in the reaction. Furthermore, some evidence of
Λ(1690)D03, Σ(1670)D13 and Σ(1775)D15 are seen in the reac-
tion. The interferences between Λ(1690)D03 and Σ(1670)D13
might be responsible for the dip structure at PK− ≃ 750 MeV/c
(W ≃ 1.68 GeV) in the cross section.
V. SUMMARY
In this work, we have carried out a combined study of the
reactions K−p → Λπ0, Σ0π0 and ¯K0n in a chiral quark model.
Good descriptions of the observations have been obtained at
low energies. In these processes, the roles of the low-lying
strangeness S=−1 hyperon resonances are carefully analyzed,
and the properties of some hyperon resonances are derived.
By studying the K−p → Λπ0 process, we find some
significant evidence of the Σ resonance [70,4 8]S 11. Both
its mass and width are consistent with the 3-star resonance
Σ(1750)1/2− in PDG. Furthermore, we find that some hints of
[70,2 8]S 11 might exist in the reaction, its mass and width are
consistent with the 2-star resonanceΣ(1620)1/2− in PDG. Ob-
vious evidence of the D-wave resonance Σ(1775)D15 is also
found in the reaction. The bump structure in the cross sec-
tions around W = 1.77 GeV is due to the interferences be-
tween Σ(1775)D15 and Σ(1750)S 11.
In the K−p → Σ0π0, ¯K0n processes, both Λ(1405)S 01
and Λ(1520)D03 play crucial roles. The observations of the
two processes are sensitive to Λ(1405)S 01 and Λ(1520)D03.
Λ(1520)D03 is responsible for the sharp peak in the cross
sections around PK− = 400 MeV/c (W ≃ 1.52 GeV).
Λ(1520)D03 has a larger coupling to ¯KN than that derived in
the SU(6)⊗O(3) limit. Furthermore, in both of the processes
K−p → Σ0π0 and ¯K0n, a weak coupling of Λ(1670)S 01 to
¯KN is needed, which might be explained by the configuration
mixing between Λ(1670)S 01 and Λ(1405)S 01.
Some evidence of Λ(1670)S 01 and Λ(1690)D03 around
their threshold is found in the K−p → Σ0π0 process. The
interferences between Λ(1670)S 01 and Λ(1690)D03 might be
responsible for the bump structure around W = 1.68 GeV in
the cross section.
Slight contributions from Λ(1690)D03, Σ(1670)D13 and
Σ(1775)D15 are found in the K−p → ¯K0n process. The inter-
ferences between Λ(1690)D03 and Σ(1670)D13 might be re-
sponsible for the dip structure at W ≃ 1.68 GeV in the cross
section.
The u- and t-channel backgrounds play crucial roles in the
reactions K−p → Σ0π0, Λπ0. The important role of u channel
in these reactions is also predicted with the BχPT [34] and
UχPT approaches [21, 30]. In K−p → ¯K0n, there are no u-
channel contributions, while the t channel is crucial to give the
correct shapes of the differential cross sections. The important
role of t channel is also found in the KN and πN processes
[94].
The s-channel Born term plays an important role in the
reactions. For the K−p → Λπ0 process, both the differen-
tial cross sections and the Λ polarizations are sensitive to
Σ(1385)P13. For the K−p → Σ0π0 process, the Λ pole has
large effects on the differential cross sections and Σ0 polar-
izations in the whole energy region what we considered, al-
though it has little effects on the total cross section. And for
the K−p → ¯K0n process, Σ(1385)P13 has obvious effects on
the cross sections and the differential cross sections.
It should be mentioned that no evidence of the low mass
resonances Σ(1480), Σ(1560) and Σ(1580) listed in PDG are
found in the K−p → Λπ0, Σ0π0 and ¯K0n processes.
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In this work we have only analyzed the K−p scattering to
neutral final states. In our future work, we will carry out a
systemical study of the reactions K−p scattering to charged
final states, K−p → Σ±π∓, K−p. Of course, we expect high
precision measurements of these reactions are to be performed
at J-PARC in future experiments.
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